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MILLING METHODS AND COSTS AT A FLAT RIVER (MO.), MILL? 
By Will H. Coghill? and R. G. O'Meara? 
INTRODUCTION 


This paper on milling methods and costs at a flat river (Mo.), mill is one of a series 
of information circulars on milling methods and costs which is being prepared by the United 
States Bureau of Mines. 

The mill under consideration treats 5,000 tons of lead ore daily by table concentration 
and flotation. It is 25 years old, and yet it is a new mill. Research has been in continual 
progress at the plant. since its beginning, and accordingly a day never passes without a re- 
cord of change for advancement. The changes have been so orderly that no evidence of obso- 
lete equipment remains. 

The mill is not of the sort to be indorsed by those who stress simplicity in mills; 
yet the operating cost is phenomenally low. Gravity tailing with a tenor of 0.11 per cent 
of lead, and flotation tailing with a tenor of 0.15 per cent of lead characterize the metal- 
lurgical results. 
| An unusual policy of the management, reflected by the employees, accounts for the super- 
‘or accomplishments. "Get the mineral first and afterwards figure the cost of remodeling” 
1s the slogan. Thus the old idea that "the change will cost all the extra mineral is worth" 
has been rejected. 

The mill is very complex. Gravity products have several treatments and some flotation 
Products have many cleanings. But the procedure is so orderly that very little extra ex- 
pense is incurred. 
ee has 217 motors drawing a load of 4,800 kilowatts. The use of 14 hydraulic 
. ne 116 Concentrating tables, and 21 desliming drags is required. Pulp is thickened 
thickener» ao with an area of 39,000 square feet, and the 8,000 gallons per minute of 
pumps. oes ®r is returned to the mill and circulated through 8 water pumps and 62 sand 
Balto the Nia is accomplished by 2,500 feet of conveyor belt and 1,600 feet of elevator 
Hise aii pees requires a quarter of a mile of pneumatic flotation machines. Consider- 
tors. the aes aes things together with the results obtained justifies putting before opera- 
Simplicity. hat good milling depends more on good equipment well installed than on mere 

The United States Bureau of Mines in cooperation with the Missouri School of Mines and 
» Mo., began a study of the milling at Flat River, Mo. (Southeast Missouri 
» in the early part of 1926. 
investigation was to compare the already installed distributed—feed system 
tion for tabling. Although classification had experienced several unfortunate 
St tests justified remodeling one section of a mill for classification. Asa 
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result of the improved performance a second section was remodeled, and the change was con-= 
tinued section by section in the first mill and others until finally five of the six mills 
of the district were remodeled for classification. The alterations of the flow sheets were 
carefully planned for Sundays so that none of the mills lost time. 

Formerly, in order to maintain a satisfactory grade of concentrate and tailing, it had 
been necessary to wet~screen through 10 mesh. The operation was expensive and generally un- 
satisfactory. 

By the new plan the wet screens were replaced by the classifiers; these sent a sized 
feed to the tables from which as much coarse material as desired could be sent back to the 
ball mills and again to the classification system. Thus the ball mills were in closed circuit 
with classifiers and tables, whereas they were formerly in closed circuit with screens. The 
new Circuit was flexible and made a perfectly prepared feed to the ball mills. Ina battery 
of 10 tables the first 5 could return the tailing to the ball mills while only the last 5 
made tailing to waste; the dividing point could be changed at will. 

On account of the coarse chats which contaminate the table concentrate the mill under 
discussion has not been able to take full advantage of the screenless sections adopted in 
some of the other mills; however, the screens have been reduced in number and are of a coars- 
er mesh than those employed before classification was installed. 

Although many improvements were in progress and ultimate results depended upon many 
factors, it may be said that the metallurgical results shown in Table 28 would not have been 
attained without classification. The table tailings of the first mill that was remodeled 
had been the most unsatisfactory of all the mills of the district, but after installing the 
new system the tailings were markedly the best of the district. 
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LOCATION AND GENERAL LAYOUT 


The mill described in this paper is located at Flat River, Mo., 70 miles south of St. 
Louis. The mill is housed in a steel-and-concrete building adjacent to the hoisting shaft 
and is divided into three sections: The primary crushing plant, the secondary and roll 
crushing plant, and the concentrator. The three sections are connected by enclosed convey- 
ors. The concentrate drying plant, shops, and other buildings are nearby. 

The mine is a part of the network of mines supplying about 22,000 tons of ore daily to 
the several mills of the "Lead Belt" district. Most of the mines are connected by an ex- 
tensive underground haulage system. Mining is by open stoping with pillar support. Timber- 
ing is rarely necessary. The stopes are large, and the ore is loaded by mechanical shovels 
into 2.5-ton cars, trammed to the shaft pockets, and hoisted in skips of 6.3 tons capacity. 
All the ore is delivered through a 2-compartment shaft to the crude-ore bin. Underground 
grizzlies are not used, so that the ore is unsized when it reaches the mill. 

The building, which is covered with corrugated iron, is well ventilated and lighted by 
a large number of swinging windows. It is also well illuminated artifically by electric 
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lights. Although fireproof in construction, the building is protected by an automatic 
sprinkling systen. 

The concentrator is built on two terraces and has four principal floors, as indicated 
in diagrammatic section, Figure 1. On the bottom floor, or first terrace, are belt conveyors 
and pumps for handling table products and flotation tailings. At a slightly lower elevation 
are other pumps to raise the secondary slime to the thickeners. On the second floor, which 
is an extension of the second terrace, are the concentrating tables. Rod mills, drag de= 
slimers, and flotation-product pumps are located on the second terrace. The foundations of 
the concentrator bin are also on this terrace and the discharge of the bin is only a few 
feet above. The bin extends to the top of the mill and occupies much of the space above the 
terrace floor. On the upper floors and intermediate galleries are the flotation machines, 
screens, drag classifiers, flotation-feed distributors, and hydraulic classifiers. 

Although designed for a flow sheet which is now obsolete, the mill was so well planned 
that it has been adapted to subsequent changes. A notable feature in the present design is 
the storage facilities. Bins of 180, 900, and 8,000 tons capacity, respectively, are at the 
heads of the primary breaking unit, the secondary and roll crushing unit, and the concentra-— 
tor. The large storage bin at the head of the concentrator allows continuous mill operation 
in spite of short delays in the dry-crushing units. 

An abundant water supply is available from the mine, but most of the water is recovered 
and reused, some within the mill and some through the circulating systen. 

Power is purchased from the Union Electric Power and Light Co. 


ORE TREATED 


The only metal of economic importance in the ore is lead; however, minor amounts of iron, 
copper, Zinc, cobalt, nickel, and silver occur. They appear. in. small amounts in. the feed, 
and are graded up in both the table and flotation middlings. 

The lead occurs as galena. The presence of oxidized lead has been suspected but not 
proved. The iron, copper, and zinc occur as sulphides in mixtures of pyrite, marcasite, 
chalcopyrite, and sphalerite. Likewise, the cobalt, nickel, and silver probably are present 
as sulphides. 

The gangue is chiefly dolomitic limestone. However, siliceous substances, such as 
sandstone, and shaly glauconitic and chloritic minerals are present. 

The tenor of the ore is about 3.5 per cent of lead, occurring as galena disseminated 
through the gangue. Jackson‘ writes of the character of the ore as follows: 


In general, it may be said of the district that galena occurs disseminated 
through dolomitic limestone and shaly beds, in horizontal sheets and along bed-— 
ding planes, in vugs and cavities, filling or lining walls of joints and crevices 
and as aggregates of cubes in channels and joints. 


A chemical analysis of the ore is given in Table l, 

The dolomitic limestone is a hard, dense variety fairly resistant to crushing. The 
glauconitic and chloritic material is largely eliminated in the primary slime. The sandstone 
is present in such small amounts that its resistance to grinding is negligible. Galena 
breaks readily, but the other sulphides are more difficult to crush. 


- Jackson, C. F., Methods of Mining Disseminated Lead Ore at a Mine in the Southeast Missouri District: Information 
Circular 6170, Bureau of Mines, Sept., 1929, p. 3. 
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Table 1.— Chemical analysis of the ore 


Assay, 

Constituent Per cent 
CIN ch oe ah SIs A leat Sacer werk gtteaaag oon aoa Maan apaacereerngttes 3.5 
BETS Gee cit. csitaccassasits skates oeqastckamsthesadagvazaxide Sdetbiaattaestbianeauvesss 3.2 
ALTUBLDG soviet ocisc ssuchds aecaaguasads on tose cave dtd gce uw Maced ceneena Kea de iniguatones 1.3 
EOE: GREG ss ciovcietetacceds serena eomiane cece enpnunass nie beepateteapieeudss 6.6 
EE PPE BY ORSNE AR PRT SOME PER ET POPES Pn eee ee eT TES TCT Ty 27.4 
OE AG rcs icc ca veccznnn ses aguas idipessssaduoase vances cwasneerdgadesanyiny 15.5 
MARGAROBE: ORIOG: -c.siss2 sie hcsansoseperse Rieniadarn aie sertes seam By f 
OL OE cs he tis cza haved si ah audbied Mss tata see iar redder ade teen 8 
Copper, BiOkE], GODR LCi... ileicesesseieasingiiiosesdsescmees ok 
FoR Sco sc Si woh eR SRNR AUREL ERE Ate hae Re ee eae ‘i 

Carbon dioxide (by difference and undetermined) 40.7_ 
100.0 


Some of the lead is finely disseminated and some is more coarsely crystalline. Former- 
ly, when a 5-mesh feed was sent to the tables the coarsest concentrate was too contaminated 
with locked gangue to be marketable. Now, a feed through 7 mesh gives a product of accept- 
able grade. Locking is also noticed in the gravity tailing, the lead content of which is 
never in a free state. 

None of the gangue is entirely free from lead. The specific gravity of particles of 
crushed ore ranges from less than 2.85 that of galena (7.5), and all specific-gravity incre- 
ments of any mesh contain lead. The assay per cent of lead in the increments of stated sizes 
and densities is given in Table 2. The lead assay of each specific gravity increment, ex- 
cepting the sink in 3.34 specific gravity, decreases as the finer sizes are approached. 


Table 2.— Assay of percentage of lead in the specific-gravity increments of the ore 


| Ass ead, per cent 
Size, Float on (|2.85 to 2.90/2.90 to 2.95/|2.95 to 3.354 Sink in 
mesh 2.85 specific| specific specific specific |3.34 specific 

gravity gravity gravity gravity gravity 

Plus: 4 0.36 0.35 1.07 7.74 19.10 
6 .18 .15 1.07 7.64 | 45.46 

& 16 14 76 6.86 | 54.93 

10 16 .09 59 6.74 59.32 

14 .09 .09 .36 5.98 | 60.50 

20 .07 .08 25 | 5.06 60.84 

28 07 07 25 4.90 | 64.39 

35 06 .06 14 4.68 64.05 

48 05 .05 {45 4.60 61.52 

65 05 05 09 3.30 64.39 

100 .05 .05 .08 2.60 | 65.57 


Other sulphides as well as lead are locked. The lightest increment in Table 2, the 
float on 2.85 specific gravity, contains a higher percentage of lead than the corresponding 
sizes of the next heavier increment, 2.85 to 2.90 specific gravity. This lightest portion 


171 -4- 


Go gle THE OHIO STATE UNIVERSITY 


I.C.6658. 


is the most: siliceous part of the ore and the locking with lead is more persistent; finer 


crushing is required to liberate it. 

The siliceous character and the locking of lead in the float on 2.85 specific gravity 
is present in even a lighter increment. The separation between 2.80 and 2.85 specific grav= 
ity, showing the same persistent locking, is given in Table 3. 

If the mill were making a tailing with a tenor of 0.75 per cent of lead, the locking 
mentioned would not come up for consideration, but when a tailing of 0.11 per cent of lead is 
nade, as is the practice at this mill, the dissemination is very important. 


Table 3.— Persistent locking of lead, and siliceous character of 
lightest specific-gravity increments 


Product Weight, |Assay, per cent 
per cent |Lead |Insoluble 


Float on 2.80 specific gravity| 12.30 | 0.12! 30.21 
2.80 to 2.85 specific gravity..| 55.28 .O1 5.92 


Sink in 2.85 specific gravity.|_ 32.42 | - - 
Ota Vito cieseesronuiseaeioate | 100.00 | - | - 


The entire story of the dissemination of lead is not told by the assays of the incre- 
tents alone. The weight percentages and distribution of the lead add to the knowledge of the 
Character of the ore. This information is given in Table 4. 

The sink in 3.34 specific gravity is not indicative of the grade of concentrates that 
can be made. The galena itself is high grade; hand-picked coarse galena and fine table con- 
centrates assay as high as 84 per cent of lead. As previously mentioned, considerable free 
galena is liberated from the coarse sizes. The ultimate freeing of lead, however, requires 
fine grinding. | 

Thus far the discussion of locking has related primarily to the galena and nonsulphide 
gangue. Galena is also locked with other sulphides. This was shown by a microscopic ex- 
amination of a flotation middling, where it was observed that the iron and copper content was 
high and the locking of the lead with sulphides was more pronounced than with dolomite. 


HISTORY 


The mill was built in 1906, about a decade before flotation was introduced into the 
district; and gravity concentration was predominant in the original flow sheet. The mill was 
the largest in the district and had a capacity of 2,600 tons daily. A feature was a separate 
Outside crushing plant where the ore was dry crushed to pass 8-millimeter screens. It then 
passed through a sampling plant to the mill storage bins. This arrangement was a big advance 
Over anything practiced in the district. Three screen sizes above the 2—millimeter size 
were made and each was treated on Harz jigs while the undersize of the 2-millimeter screen 
was Classified. Some of the spigots were jigged and others were tabled. 

Later the Harz jigs were replaced by Hancock jigs. This change simplified the flow 
Sheet and enabled the capacity to be increased from 2,600 to 4,000 tons per day. 
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The size of the mill feed was increased from 8 to 10 millimeters, and the plus 1li- 
millimeter part of the feed was treated on the Hancock jigs to give concentrate, tailing, 
high-grade middling, and low-grade middling. Additional concentrate was recovered from the 
high-grade middling by screening on 2—millimeter mesh and taking the oversize as concentrate. 
The undersize was reconcentrated on a jig from which a tailing, a middling, and a concentrate 
were Obtained; the tailing was tabled to remove a small amount of fine lead, and the middling 
containing zinc, lead, iron, and copper was treated in a magnetic plant along with the table 
middling. The mixed sulphide middling was roasted and the pyrite and chalcopyrite were re= 
moved by a Cleveland-Knowles magnetic machine. The tailing from the magnetic machine —— the 
zinc concentrate — was tabled to separate the remaining lead. The magnetic concentrate had 
7 per cent of copper and some silver. 

The low-grade middling was reconcentrated on jigs. Products similar to those of the 
"ore" jigs were made. The low-grade middling was reground in rolls and the plus 13-nilli- 
neter part returned to the jigs. 

The undersize of the original feed (minus 14 mm.) and the undersize of the reground jig 
niddling (minus 14 mm.) were deslimed, classified in hydraulic classifiers, and tabled. The 
Classifiers used were largely of the Richards vortex type, but some were of the Bunker Hill 
& Sullivan type. A tailing, middling, and concentrate were made on all the tables. The 
niddling was reground in rolls. 

The slime was treated in spitzkasten and the spigot products were concentrated on tables 
and vanners. The table and vanner tailings and slimes were treated in a canvas plant. The 
concentrate of the canvas plant was cleaned on tables and vanners. A lead concentrate was 
all that was recovered in the slime treatment. 

To recapitulate: Before the advent of flotation the concentration was by jigs, tables, 
vanners, and a canvas plant; roasting and magnetic separation were applied to the complex 
sulphide middlings. 

During the course of this early milling a large tailing pile accumulated, many parts of 
which had a tenor in lead as high as 1 per cent. | 

In 1914 flotation was adopted. This was the turning point in the milling, for slimes 
could then be treated efficiently. The way was paved for finer grinding and the consequent 
lower tailing of to-day. Although all-tabling of a-minus 2=millimeter feed had been attempt— 
ed at an earlier date, it-had failed because of the inability to recover the lead in the 
Slime. | 

The first flotation practice consisted in thickening the slime to about 20 per cent of 
solids and floating the thickened product. Crude wood creosote was used as the frothing 
agent; acid was not used. 

Since 1914 fine grinding, table concentration, and flotation all have advanced. The 
ary-crushing plant was remodeled in 1926; the prima:y breakers were replaced by new crushers 
and placed in a separate plant. This change made finer grinding possible and increased the 
capacity to 5,000 tons per day. In 1927 the last jig was discarded. 

In 1928, as a result of a cooperative investigation with the United States Bureau of 
Mines and the Missouri School of Mines and Metallurgy, hydraulic classification was substi- 
tuted for the "distributed" table feed. Earlier attempts to improve results by classifying 
the table feed had failed. Whereas desliming had always been practiced, it was not until 
this change was made that the benefit of actual classification was fully realized. 

During the last four years, five mills of the district with an aggregate capacity of 
19,000 tons per day have been remodeled to adapt them to multiple-spigot hydraulic classifi- 
cation in place of the customary distributed table feed. 

In the last few years low-pressure air flotation machines have almost entirely replaced 
the mechanical and high=pressure air types. Pine oil or cresylic acid and xanthate are now 
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generally used as flotation reagents. Trommels have been replaced by vibrating screens. 
Rod mills have superseded rolls for regrinding middlings. Table tailings that were formerly 
dewatered and carried to waste by a long series of belt conveyors are now deslimed, mixed 
with part cif the flotation tailings, and pumped to waste. Table concentrates are filtered 
before shipment instead of merely being dewatered by drags. 


PRESENT MILLING PRACTICE 


The descriptions which follow are of the milling practice as in 1951. Concentration is 
by tabling and flotation. Table concentrates at present constitute about £2 per cent of the 
Output and Lave a content of 76 per cent of lead. On account of much regrinding about two- 
thirds of the mill feed is eventually treated by flotation to produce the other 48 per cent 
of the total concentrates. Flotation concentrates are not as rich as gravity concentrates 
and average 71 per cent of lead. 


CRUSHING AND ROLL GRINDING 


Dry crushing, in three steps, reduces the run-of-—inine ore to S-mesh (0.17=-inch). The 
first reduction is by breaking in SE Telsmith gyratories to less than 3 inches, the second 
by crushing in 48-inch Symons horizontal disk crushers to less than 1.5 inches, and the third 
step by grinding in 48 by 24 inch St. Joe rolls to pass 5-mesh screens. This size is con- 
Sidered the practical Minimum without sacrificing tonnage. The dry-crushing flow sheet is 
shown in Figure 2. 

Crude ore is dumped into bins as hoisted. Iron bars hanging in the bin act as buffers 
and protect the bin wall. Ore is fed to the breakers by apron feeders under hand—operated 
arc gates and heavy iron fingers. The gates are opened wide and the fingers retard the flow 
of ore onto the feeders. When the ore hangs up in the bin it is barred down by hand. Grizz- 
lies are not used underground and pieces too large for the breaker are sledged or bulldozed 
in the primary-crushing plant. A 40~—ton crane above the gyratories facilitates repairs and 
replacements. 

The breakers handle in two shifts enough tonnage to employ the disk crushers and rolls 
for three shifts. The respective capacities in terms of original feed are about 107 tons per 
hour for each breaker, 56 tons per hour for each disk crusher, and 56 tons per hour for each 
set of rolls. The 9E Telsmith primary breakers are able to handle a considerably larger ton- 
nage than they do now, for even in their present operation of only two shifts they are not 
heavily loaded. 

Although considered a.. old type of crushing equipment, the Symons horizontal disks, 
which have been in use for over 20 years, are retained because they are still able to give 
the required service. However, it is likely that before many years they will be replaced by 
newer machinery. 

The 48 by 24 inch St. Joe rolls are operated in closed circuit with vibrating screens 
with S-—mesh openings. This fine roll-grinding necessitates dressing the roll shells about 
every three months to remove flanges and corrugations. To do this the roll on its shaft is 
lifted out of the frame and placed in special bearings. It is turned down by rotating at 
about 2 r.p.m. against a cutting tool that roves automatically across the face. Sometimes 
a grinding wheel instead of the cutter is mounted on the tool carriage. 

The operating details of the primary crushers, the secondary crushers, and the rolls 
are given in Table 5. The sizing analyses of the products of each step are shown in Table 6. 
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Table 5.-— Details of dry-—crushing units 


I.0.6658. 


Data | Dry-crushing equipmnt ow 
lPrimary crushers |Secondary crushers Rolls 
Flow-sheet serial... ee (4) (12) (14) 
Crushers, in operation... | 3 4 4 
TOO aie tote eat eit ccna tine te pent cena hea ten ee Gyratory Symons horizontal- Spring type 
disk 
ANU LAC CUTS testers nsecloue, Goinaees Smith Engineer—|Nordberg Engineer—|St. Joseph Lead 
ing Works ing Co. - Co. 
DY sein cote torrie te clues Parenti iar ana Rie den aac’ 9 E 48—inch 48 by 24 inch 
Opening 
MOD ishing oi tau ceeda has is vaidvantetet eumarelatan: inches 194 - - 
Maximum discharge... do. 2 to 24 7/8 Set close 
Minimum........ (o (0 SO ne ee on en OTR do. 1-1/16 to 14 $ - 
Gyrations per minute... 108 - - 
Eccentric throw. 0.0... ee iaches One at 5/8 - - 
Two at 3/4 
Speed: . ae 
Countershaft......0 ee r.p.m. 324 - - 
DIS Rorcevies a cele ncaa diroates aces Paaseuitios do. = 100 - 
ECCOR Url Cio a eee ominaiaeemss do. - 200 - 
ROd Soc sate aes ee eee do. - ~ 60.0 to 65.2 
MOCORS Sc lcjematstasanntacan heres: horsepower| Three at 150 Two at 250! Two at 250); 
: Two at 150 
Circuit, open or closed..........0... ee. Open Open Closed 
Power consumption, each........ horsepower 44 average 40 to 45 161 to 164 
Material:. : . 
Crushing—surface.......0 cece eee Manganese steel Manganese steel Chrome steel 
Framé@................ vila dieseanchsnatdity eisai es aaah anie tet taie’ Cast steel Cast iron Cast steel 
Wearing part, life.............. sichee eats Ss years = Disks, 2 Shell, 1 
Shifts operated... eee | Two, 8-hour Three, 8=—hour Three, 8—hour 
Qil used per shift per machine..gallons 4 4 - 
Feed: . 
CHAP ACCC TL aitc scien hese ce tates Tedetu Bidens ae 2 Run-o f—mine Primary crusher |Symons discharge 
discharge and screen over-— 
size 
HOW POG cree tu cide tis test ob entoe aii elas Drum feeder Chute Launder 
NOW DOR NOUU ete nie hi teatens tons | 107 56 56 
New, per hp.-hour....... ee, do. 2.43 1.31 0.34 
Total, per hour... ee do. | - - 309.2 
Total, per hp.—hour........... ee do. | _ _ 1.9 


1 = 250—hp. motor for two Symons and one set of rolls. 
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Table 6.- Sizing analyses of successive dry-crusher products 
Weight, per cent 
Primary breaker |Symons hori- Composite Finished 
Size discharge zontal disk- roll feed Roll roll dis- 
(Symons hori- jcrusher dis=- |(new feed and |discharge charge 
zontal disk—- | charge (new dry screen (screen 
crusher feed) |feed to roll) fe) iz bs. undersize) 
Plus: 3.0 inch 11.7 ~ - = = 
2.1 do. 19.0 a - a _ 
1.5 do. 17.6 13.3 1.8 ~ - 
1.05 do. 12.0 32.2 4.3 = ~ 
.742 do. 8.4 235.4 5.0 1.2 - 
.525 do. 6.6 10.9 6.9 7.7 = 
.371 do. 5.3 7.3 20.9 15.8 = 
5 mesh 4.2 4.0 19.3 19.8 =- 
4 do. 3.7 2.5 19.2 19.5 - 
6 do. 2.2 1.0 11.4 11.9 3.0 
8 do. 2.0 1.0 6.5 8.5 14.5 
10 do 1.8 a f 1.9 2.35 18.6 
14 do 9 5 .6 2.35 12.9 
20 do .8 .4 2 1.2 7.9 
28 do .6 .3 2 Lz 8.0 
35 do 5 a) al .8 5.5 
48 do 5 aa me .6 3.9 
65 do 4 ve a 6 3.7 
100 do 2 2 mt .4 2.35 
150 do 2 1 1 .4 2.0 
200 do .4 2 wl 3 2.0 
Minus: 200 do 1.9 eee Pe St 1.2 2.9 19.7 
0 | 100.0 100.0 100.0 100.0 


$Otaluad 100. 


After passing the S=mesh screens the ore is conveyed over a Merrick weightometer to the 
concentrator bin. In case the conveyor belts stop, automatic lights signal the operator in 
the primary-crushing plant to close the crude-ore bin gates. 


WET GRINDING AND GRAVITY CONCENTRATION 


For discussion, the wet—grinding and gravity concentration are divided into primary and 
secondary circuits. In the primary gravity circuit, wet-grinding, hydraulic classification, 
and table concentration are done in six similar sections of the concentrator. One of these 
sections, the flow sheet of which is given in Figure 3, will be discussed. It deals with the 
new feed and the returned low-grade middling. The secondary gravity circuit deals with the 
high-grade middling from the first operation, and will be discussed later. In all, gravity 
concentration uses 116 tables and 7 rod mills. Table 28 shows that the grade of the table 
tailing is 0.11 per cent of lead. Such a low tailing would not be obtainable were not every 
effort made to keep lubricating oil out of the ore. 


171 - 10 - 


Google 


I.C.6658.. 


im avi Circuit 


The ore for each circuit is drawn from the concentrator bin by three belt feeders, is 
lifted to the top of the mill in a bucket elevator, and is sized by two Y-mesh vibrating 
screens. On account of the fineness of the dry feed the screens are lightly loaded. The 
oversize is ground in a primary rod mill and is returned to the screens by the new-feed 
elevator. The screen undersize is deslimed in two drag deslimers. The overflow runs to flo- 
tation thickeners. The sand discharge is divided by a 2=way mechanical distributor and is 
sized in two 10-spigot hydraulic classifiers. The overflow of the hydraulic classifiers also 
goes to the flotation thickeners. The 10 spigot discharges of each classifier are treated 
on eight concentrating tables. The first six spigots feed one table each, while the seventh 
and eighth spigots, and the ninth and tenth spigots, are combined to feed the other two 
tables. A concentrate, a high-grade middling, and a low-grade middling are made on each of 
the first four tables. The last four tables make similar products and a tailing in addition. 
Sizing analyses of the table tailings and concentrates of the combined primary and middling 
circuits are shown in Table 7. The low-grade middlings from all eight primary tables are 
dewatered in a drag deslimer and reground in the primary rod mill. The sizing analysis of 
the low-grade table middlings is given in Table 8. The high-grade table middlings constitute 
the feed for the secondary gravity circuit and will be discussed under that caption later. 


Table 7.— Sizing analyses of composite table tailing and 
omposit b c 
|_ Weight, per cent 
Size, mesh| Table | Table 
tailing |concentrate 
Plus: 14 - 2.1 
20 ~ 3.5 
28 3.5 4.6 
35 13.1 8.3 
48 28,7 14.3 
65| . 42.3 24.0 
100 | 8.6 12.5. 
150 3.0 12.8 
200 a) 8.1 . 
Minus: 200; _—«. 3 |. DB 
Total... 100.0 100.0 
171 | -ll- 
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Table 8.— Sizing analyses of primary rod-mill products 
Screen | Low-grade | Rod-mill |Rod—mill 
Size, mesh |joversize |middling drag feed discharge 
(1) discharge (1) and (2) 
2 fa paneer ene 
Plus: 6 2.8 =~ 0.5 - 
8| 2€.8 0.3 7.8 - 
10| 36.6 | 46 | 160 | - 
14| 13.6 | 912 | 142 | oO. 
20 3.7 | 10.1 = | 8.8 3 
28 2.9 17.1 | 19.2 10.7 
35 1.3 22.0 16.2 17.7 
48 1.2 19.4 7.6 15.5 
65 1.1 13.4 3.4 14.5 
100 8 1.9 1.1 5.2 
150 if 6 7 4.9 
200 7 .2 5 | 3.8 
Minus: 200 5,3 25 4) 27.2. 
Total....| 100.0 100.0 | 100.0 100.0 


Rod—Mill Grinding 


The primary rod mill reduces the wet-screen oversize and the low-grade middlings from 
the primary tables to 20-mesh. In other words, the rod mills are operated in closed circuit 
with both screens and tables. The new feed to each of the six sections is 850 tons per 24 
hours. Because of the circulating load the tonnage of rod-mill feed is about the same as 
that of the new feed. 

The pulp density in the mills is about 40 per cent of solids by volume, 65 per cent by 
weight. The sizing analyses of the several products are given in Table 8. The mechanical 
details of the rod mills are given in Table 9. The driving gears on the rod mills may be 
reversed to compensate for wear. | . 

Unusually long liner lifer is obtained in the rod mills. After five years of continuous 
service, the estimate has been made that the life will reach seven years. This may be at- 
tributed to the softness of the ore, the fineness of the feed, and the method of installing 
liners. The liner sections are bolted in place with 1/8-inch shims between the liners and 
the shell of the mill. Then molten zinc is poured between and under the sections so as to 
form a continuous and cushioned all-metal lining in the mill. After five years it has been 
found expedient to reverse the sections and rezinc them, because of the breaking loose and 
erosion of the zinc. The greatest wear on the liners had taken place toward the discharge 
end of the mill, but rod wear was uniform throughout the length of the rods. 
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| Primary 


I.C.6658. 


| secondary 


Flow-sheet serial... we, (29) | (53) 
Mills, in operation... 6 | 1 
Manufacture... cece ee cece es Allis~Chalnmers Allis-Chalmers 
A Oo inetens eecicad oie eatonteaue feet 64 by 12 5 by 9 
Feed: | 
Characte l cscondenitinnweliencs Wet screen over— |Low—grade middlings 
size and table re- 
turn 
Rate per 24 hours. ............. tons 850 125 
Solids by weight............ per cent 66 66 
FOGdOD’ CY DO viii tlsicdenismetaeeusaesd Scoop Scoop 
Discharge type... cceccecsseeeessceeecres Overflow Overflow 
Liners: 
9 © |= fe ae Wave Wave 
WoL Ol hese es cuaercasaterencay pounds - 19,660 
Composition.....0..0 0... eee Manganese steel Manganese steel 
HOW N61 Gs.i tiie ene ene Bolted and zincked |Bolted and zincked 
in in 
ES: ee ea eae aaa years oe 6} 
GANG: USO acidic andes Goecaces pounds 4,800 to 5,600 3,900 
Make-up rods: 
Diameter..... ce cece inches z 2 
| of: Cc Oe ea ee ee eRe pounds 55,000 28,000 
Consumption.................0.08 do 0.38, per ton of 2.97, per ton of 
crude ore actual feed 
Drive; TYPO ink i Feo es ee Direct with her= | Direct with her- 
ring-bone gear ring—bone gear 
Mill speed... r.p.m. 16.9 20.8 
Motor: 
TVG ep ieccac yt eh nueateset cees Induction Induction © 
Power consumption......horsepower 190 95 
Capacity.......0 do. 200 100 


1 — Estimated. 


The rods are hot~sawed and machine-straightened. 
uaxizug, and 11 feet 104 inches mininun. 


Constituent Per cent 


The length is 11 feet 114 inches 


The chemical specification is as follows: 


C hs oars 0.60 to 0.75 
Chicsenites es 0.30 to 0.50 
MG cetcew 0.50 to 0.70 
Sikccieus 0.15 to 0.25 
S (max. ) 0.04 
P (max. ) 0.04 
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The rod charge in the primary rod mills is given in Table 10. The original charge to 
the primary mills was 55,000 pounds with a maximum size of 4 inches. This maximum has been 
reduced to 2 inches, and the tendency is toward a further decrease. This is prompted, at 
least in part, by the thought that the large rods break the small ones prematurely. 


Table 10.~Primary rod-mil) charge 


Rods, ; After about four || As returned to mill 
inches | years operation | 


Weight 
pounds |per_cent 


diameter (Rods, | Weight _|/Rods, 
mnuaber |pounds [per_cent/ nunber 


2-1/2 | | - | - | 80 we 912| 28.1 

2 | a7 | pre 11.8 || 38 | 4,837] 8.5 
1-7/8 | 88 | 9,847; 19.5 || 92 |10,295| 18.1 
1-3/4 | 135 |13,163| 26.0 || 117 is 408| 20.1 
1-5/8 93 oe 15.4 || 75 | 6,300] 11.1 
1-1/2 67 | 4,797 9.5 || 54 | 3, on 6.8 
1-3/8 84 | 5,057, 10.0], 69 | 4, sie 7.3 
1-1/4 | 41 | 2,038 4oj/ - | - - 

1 j_(1)_ |_1,910|__3.8 | og pe = 
total. . | 555 (50,607; 100.0 || 525 100.0 


1 = Broken rods, 2 to 7 feet long. 
Hydraulic Classification 


Two 10-spigot hydraulic classifiers of the constriction—plate type are used in each of 
the six primary sections. Two others are in the middling sections. Each is fed about 4350 
tons per 24 hours by a drag deslimer. The mechanical details of the classifiers are given 
in Table 11 and some data on the products of one are shown in Table 12. The results of an 
efficiency test on a similar classifier, giving more complete data, are presented in a recent 
publication. ° 

Several kinds of spigot liners including rubber and case-hardened steel types, have 
been tried, but porcelain has been adopted finally. The present liners are porcelain cylin- 
drical tubes about 1-1/8 inches outside diameter and 1 inch long. The holes are 3/4, 5/8, 
1/2, or 7/16 inch in diameter, the larger holes being at the feed ends of the classifiers. 


ous Sy OS i ESTE AE ay RNAI SIS IS EE TE I PAE STE A IS BINT A SI ETE EE TE I EE SE TET SD IEE AEST ALE, 


5 — Coghill, Will H., Classification and Tabling of Difficult Ores, with Particular Attention to Fluorspar: Paper 455 
Bureau of Mines, 1929, p. 38. 
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Table 11.—Details of hydraulic classifiers 


i nn sn ee ea eee ae Oe ee er ee eS eee eo oe 


Flow-sheet serial.................. Satara a deal | (30).- “| (42) | (47) 
Classifiers in operation... 0... | 12 | 1 l 
Cells: | 
on en ae ae Ree ae ene Te eT eee ee ee ee 10 
WM ces st estdaasceescass suetintaa tide wp aatdadecnds eanentin Gane inches 10 by 10 
DEVIGOTEs, ROL CO ies nhatncrnniepiads do. LZ 
OSG TEESE: SIPS incicuhiutidisadungeidovuwn Side and end 
POO PILOR. DRI ashi iii Serta Su inches 20 
OO oo felsidectrtiisntenshAueiiw isin Cypress 
Hole spacing in plates....... Sed ase naan nite tavedneadeblen | Corner of 2-inch squares 
aL AE MWOT BOW iaccccaiessnscstatesstsczaccs dessa: incies| 4 cells, i/4; 4 cells, 3/16; 
| 2 cells, 1/8 
SRE: EP ass Hicscataas iat nenitig hosed sch cceanan ioiieiemsns _ Continuous spigots 
ABE IOC OT iiniss secs sadssiveniiniivtees: Keates inches |Two, 3/4 Two, 5/4 (\Two, 5/8 
four, 5/8 |four, 5/8 |six, 1/2 
four, 7/16|two, 1/2 two, 7/16 
jtwo, 7/16_ 
Feed: 
Rate per ZA ROGQlGwicsccncracunisiinunnern tons 430 
PUL COMBI i iain Se eine anewnarsis per cent 38.5 
Hydraulic water per minute............... gallons 275 
RACL0:..65632;: ihe aig Raoiapetieh water : solids ono. ¢ 
Table 12.-Sizing analyses and tonnages of hydraulic-—classifier products 


Weight, per cent 


Size, mesh Feed |Spigot |Spigot |Spigot |Spigot |Spigot |Spigot |Spigots | Spigots |Over- 
No. 1 |No. 2 |No, 3 |No. 4 |No. 5 |No. 6 | No. 7 | No. 9 |flow 
7 i __...___ |and_No.8 jand No.10 
Plus; 8 0.2] 1.6) 0.4; 0.1) = - " | A “e “ 
10 3.7) 17.8} 9.8) 2.7) 0.3) 0.1) - a - - 
14 6.0] @6:0| 19:7) 9:3) 235] bof = | <= - - 
20 | “eri 17.9 wit 11 6 4.9; 4.1| 0.4| 0.3 0.2 - 
28 | 11.1! 16.0] 18.5] 20.2} 43.1] 21.5] 3.5| 2.6 2.2 - 
35 13.2| 9.6| 15.1] 22.0) 22.3| 16.9; 8.8 7.4 6.6 ~ 
48 14.3| 4.4] 9.5| 16.2, 24.5| 19.8| 21.4] 18.0 16.1 - 
65 20.3| 3.2 sp 12} S25 B42) 47) 464 38.0 - 
100 7.4 .6{ 1.91 3.1} 5.0} 6.7] 13.1] 14.8 21.4 iz 
150 5.1 4 - 1.4| 2.5 561 7.0, 8.04 12.3 | 14.3 
200 2.3 a 4 5|  .9 St 6 gkhe Baby) Sek. Pars 
Minus: 200 7.8 2 4 ee ee] | OR Sg Se Oy 
Total |_100.0|_100.0]_100.0}_100 2/_133.0 “100.0|_100.0| 100.0 |_100.0 _|100.0 
Mean mesh, milli- . | | 
I ee 0.305| 0.828] 0.623) 0.451| 0.323] 0.287, 0.215| 0.207 | 0.195 - 
Tons per 24 hours|1418.4| 52.1| 78.4, 41.4| 48.8 49.4| 47.6| 52.3 48.4 | - 


1- This tonnage does not include the slime in the overflow. 
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Table Concentration 


The 10 spigot products of each primary classifier are treated on 8 tables. The amount 
of feed ranges from 50 to 75 tons per table per 24 hours. The table feeds are about 25 per 
cent solids. From 4 to 15 gallons of wash water per minute are used on each table. The 
mechanical and operating details of the concentrating tables are given in Table 13. 

Linoleum and quick-setting cement were used formerly for deck-surfacing material, but 
both have been replaced by live-rubber covers. Rubber as thick as 1/4 inch has been tried 
but a thinner cover, 1/8 or 3/16 inch thick, is now used. At first rubber cement and tacks 
were used to hold the rubber cover in place, but now the practice is to tack the cover at 
one end, stretch it well by a weight applied to the other end, and finally tack the rest of 
the cover in place. 


Table 135.—Data_ on concentrating tables 


Flow=-sheet serial... eee 52 42 nd 
TAblG,, WAKO nian detnorewciignndassmtiat, Wilfley |Butchart |Deister-Plato St. Joe 
Tn US6 j: CaChsccecivicenimasuarsitiins | ve | ag | 2 19 
Strokes per minute... ces | 270__|___255__| 270 |__240 
ER USC) “COLE Lecce icici 116 
Stroke length..........0..0.0000000.. inches 7/8 to 1-3/8 
Drive 5: “CY DO i cited dtc esos Belt—and-pulley 
Power, total... horsepower 192 
Connected per table...... do. 1.65 
Deck: 
Di 26 eo aterattie oe feet 5 by 15 
Slope, longitudinal............ degrees 0 to 1/2 
Slope, lateral............00.0... do. 5 to 5-1/2 
Surfacing material........000.000.... 1/8 to 3/16 inch rubber 
Ri ttle; “CV DO i iiccsecidnsse Gnu ameelaeons Straight, parallel to motion 
Mat@rlal. oxic Rubber, or wood and rubber 
| Cp A 2 0 Ss inches 1/16 to 3/8 
DDECING  nigivieraicswanarinetaenaneios do. 4 
Feed: 
Cha FACtOT 242 iret eran Spigot discharge 
Rate per 24 hours.............cee. tons 50 to 75 
Pulp density...........0. per cent 20 
Wash water per minute........ gallons 4 to 15 


Rubber has proved more resistant to wear than linoleum and does not become uneven, as 
was the case with the cement deck. The porosity of the cement gradually allowed water to 
seep through to the boards underneath, causing them to warp and distort the surface. Cement 
is objectionable also because of its weight. The life of the rubber covers has not yet been 
Cetermined but it is over two years. Some buckling occurs after long service but if proper- 
ly laid the covers are quite satisfactory. One operator has determined that the life depends 
on the amount of absorbed water. After long service the tops contain from 2 to 14 per cent 
of moisture. The high moisture content is found in rubber with a low zinc oxide content. 
Tops containing 39 per cent of zinc oxide are good, while those with only 2 to 3 per cent 
are not so satisfactory. 
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I.C.6658. 


Straight riffles, laid parallel to the axis of motion, are used. They are of live rub-— 
ber on the recent installations, but riffles of wood faced with rubber strips are found on 
the older tables, The riffles are held in place by copper tacks. 


Secondary or Table Middling Circuit 


The treatment of the high-grade primary table middlings is shown in the flow sheet, 
Figure 4. The middlings are gathered from all six primary sections and sent to a middling 
section with ten tables where they are classified and concentrated without preliminary 
grinding. A concentrate, high-grade middling, and low-grade middling are made on each table, 
and, in addition, a tailing is made on the last four. 

The low-grade middling is reground in one of the primary rod mills and thus returns to 
the primary circuit. The high-grade middling is treated in a circuit of another group of 10 
tables similar to the one described above for high-grade primary table middlings. In this 
circuit no tailing is made. It yields only concentrate, high-grade middling, and low-grade 
middling. The high-grade middling is circulated in the section by being distributed to the 
last five tables. The low-grade middling is dewatered in a drag deslimer and ground to flo- 
tation size in a 5 by 9 foot secondary rod mill. The sizing analyses of the feed and dis- 
charge of this mill are given in Table 14, 

The rodemill discharge is treated directly by flotation on a St. Joe rougher in the 
subsidiary flotation circuit, and the tailing is returned to the drag in closed circuit with 
the rod mill. This drag overflow, together with the overflow of the other two drags and hy= 
draulic classifiers, is joined with the flotation feed that is pumped to the large Dorr 
thickeners. The drag sand returns to the rod mill. This part of the flow sheet is novel in 
that the rod-mill discharge goes to flotation and the flotation tailings return to the rod 
pill, 


Table 14.-—Sizing analyses of feed and discharge 
of secondary rod mill 


size, mesh |Weight, per cent 
Feed |Discharge 
Plus: 1Q 2.6 = 
14 5.4]. - 
20 8.4 - 


28; 9.3, - 
35| 10.4; = 
48; 8.5/  - 
65| 15.6; 1.4 
100] 11.8] 2.6 
150| 10.5| 5.9 
200{ 6.3| 98.4 
325|  7.9| 31.7 
Minus: 3525 A) 90.0 
Total......| 100.0] 100.0 
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I.C.6658. 
FLOTATION 


Flotation is in a main circuit and in a subsidiary circuit. The main circuit has 23 
rougher-and-cleaner units and six recleaners; the subsidiary circuit has one rougher—and- 
Cleaner unit. With the exception of the final recleaners, the machines are a modification 
of the Forrester or Welsch pneumatic type and are called St. Joe low-pressure flotation ma- 
Chines. A rougher—and-cleaner unit consists of a 36—foot rougher in tandem with a 1l2~foot 
cleaner, both of which receive air from one long, horizontal header pipe at the end of which 
is a centrifugal blower; the unit is about 55 feet long. Each of two 42-foct recleaners has 
its own blower, but only one blower is required for two small l2-foot recleaners set in 
close parallel. The final recleaners are two 2-cell, 24-inch Denver Sub—A mechanical-—tyre 
machines. All the pneumatic flotation machines are set parallel on one floor with the blow- 
ers in line at one end. 

The subsidiary circuit receives reground low-grade table middlings from the gravity 
plant, and its products join the corresponding products in the main circuit. The main cir- 
cuit feed is primary and secondary slimes, thickened in the two 150-foot Dorr thickeners. 
Rougher concentrates are cleaned four times to make final concentrates. The flotation flow 
sheet is given in Figure 5. 

lhe primary feed is a pulp of about 20 per cent solids by weight, and it is distributed 
to the roughers by a 23-outlet distributor, shown in Figure 6. The cleaners are fed a pulp 
of lower density. Sizing analyses of feed, concentrate, and tailing are given in Table lo. 

Flotation reagents are potassium xanthate, sodium cyanide, and cresylic acid or rine 
oil, or a mixture of the two. The device for feeding pine oil is sketched in Figure 7. 
Other reagents are fed in solution by pulley and scraper feeders. The flotation circuit is 
Slightly alkaline, having a pH value of about 8.3. 


Table 15.-Sizing analyses of flotation feed, tailing, 
and concentrate 


Size, mesh|____ Weight, per cent 
n 


|_Feed Feed |Tal li ng |Co centrate 
Plus: 65, 0.8| lo|]. - 
100| 3.4| 3.2 | 0.3 
150| 9.6| 9.4 | 1.0 
2001 10.2| 13.5 | 2.5 
325| 21.8, 22.7 | 15.5 
Minus: 325|_54.2|_ 50.4 | 80.7 
Total... | 100.0; 100.0 | 100.0 


a me em ee te eatin cee 3 ee. meant at tantra aaa inal 


In the main circuit xanthate and cresylic acid or pine oil are fed to the intake pire 
of the pump that elevates the feed from the surge tanks to the distributor. Sodium cyanide 
is added to the sump of the pumps that elevate the cleaner concentrates to the first re- 
cleaners. Thus the conditioning periods are very short. 

In the subsidiary circuit, xanthate and cyanide are added to the rod mill, and creszlis 
acid or pine oil to the sump of the pump that elevates the mill discharge to the flotation 
machine. 

The amount of reagents per ton of flotation feed is given in Table 16. 

Mechanical details of the St. Joe pneumatic and the Denver Sub-A mechanical flotation 
machines are given in Table 17. Data on the Dorr thickeners for dewatering flot:tion fee 
and flotation concentrates are in Table 18. 
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Table 16.—Amount of flotation reagents per ton of flotation feed 


Using cresylic acid | Using pine oil 7 
- Reagent Per ton -of flotation!|| Reagent \Per ton of flotation 
ee ee feed, pounds f | feed, pounds _ 
Cresylio acid...:.;| 0.20. Pine O41... | 0.06 
Potassium xanthate ~ .083 " |/Potassium xanthate | .083 
Sodium cyanide........ 04 | Sodium cyanide...... . | 04 
Table 17.—Flotation machine data 
Flow~sheet serial... ce. (59) (72) !(69) (73) (63) |__ (66) (69) 
Machines, in use... 24. it 4 2 __| 2 __ Two, 2-cell _ 
TYP6 ois et erect Low—pressure pneumatic Mechanical 
lO hase lien a nn ag __37_ inches wide by 88-1/2 inches deep-- |44 by 59 inches 
Manufacture............. Behe aa Aa ia ate ita ; St. Joe St. Joe St. Joe | St. Joe -Denver Sub—A 
SOrVice.... ee, jade desanstient tarts Rougher Cleaner |Recleaner small Final 
recleaner recleaner 
Length... ek eee feet 36° |; +12 ‘J 420 — 12 | 
Impellers, diameter............ inches - - - - 24 
Overflow height: . _ | 
TALLINE. occ cece do. is | 18 21 19 2 
Froth... cciccccccccccceesreceeeen . do. BO aot eee 32 39 21 
Air header, diameter............ do. 16 16 16 16 - 
Air pipes: ~ oe fe ae sn al | | 
OLS ccs Garant te wie inches Diametor, 3; opening, 1/4 by 3-1/2 - 
Number... seated akin __48___ |. 12 |___._60 |___18___ a 
|) ct os a ee ee eee To within 5 inches of bottom of trough - 
Blower type........0......... pr ath Athan tle a cans G._E. type FS. 353 3,900 rp.m. - 
Air, per minute............ cubic feet 4,000 per unit 4,000. each | 1,700 |... - 
PreSSure ow. ceceeeee ounces 12 12 16 = 
Motor capacity................ horsepower Bg, ar aes 2 18 12 Two, 5 each 
ENV ita ici ae catia soy tulad hat dceeaucosics | Direct Direct | Direct 4—belt 
. ae ae on ae aes ae ie ee | texrope 
a ae er ae ET | ee ee I ESE SER LURE, eee TS ee 
l7] - 19 — 
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Table 18.-Data_on Dorr thickeners 


Flow-sheet S@rial.ccccccccccccccccccccececeses vets cen | (31) | (71) (75) 
THICKONOTS, 2D. USC i305 45) eos aiai Gee’: Heat 7 2 | 2 
TYPO coe adtotinsnained ait Opes 8. ioes eres | Traction Central-shaft 
FOO inch cendiiincaasias ee en roe | Flotation feed |Flotation concentrate 
DiGiOt OF segue. ct canaawbantantncataees feet | 150 | 50 
Dept Riess echt tte hist ebhaatadenans inches | 15 | _ 
SPCC saa iataduciitganenanas Cute cde p ems | 0.29 | 0.15 
Solids: | 
Por 24: DOUIS.! CTY joss attend tons | 1,454, each | — 
OM £600 pet tsi areto eens per cent | 4.42 | =< 
In discharge... ccc eceeee do. | 48 to 55 | — 
LD OVO TLL OW ict aitayctinienracae neonetaeta: bk do. | Trace | = 
Area per ton per 24 hours......... square feet | ll | —_ 
MOLOr Capacity ciumiacceiicinwnenie:. horsepower | 10 | ) 
DEV). UY DC cs feel ae, Valen taint cae et sala |\Direct-connected, |Motor, gear reducer, 
lgear reducer and | chain—and-sprocket 
spur gear | 
Screening and Mechanical Classification 


Vibrating Screens 


Screens are used at two places in the flow sheet. Dry screening is done in closed cir 
cuit with the roll grinding, and wet screening is carried on in closed circuit with th 
primary rod-mill grinding. Vibrating screens of the Leahy type are used throughout. 502 
of the screens have ball-bearing head motions but most of them are of the babbitted—bearin 
type. Woven wire with square openings is used for both wet and dry screening. The detail 
of operation are given in Table 19. 


Drag Deslimers 


Desliming is by 21 drag deslimers and 2 tank drags. They are of the Esperanza chai 
type, and are driven by belt and spur gear. Some of them remove slime and divert it to thi 
Dorr thickeners, and others serve only as dewaterers. No spray water is used, but water i: 
added to the bowl of the drags treating the wet-screen undersize. The operating data o: 


drags are given in Table 20. (The reciprocating rake drags used for tailing disposal wil: 
be treated in another section). 


Table 20—a shows data from an efficiency test of a drag deslimer. 


Mechanical Handling 


The mechanical handling of the ore is by belt conveyors, bucket elevators, sand and 
slime pumps, and launders. 


171 - 20 - 


Google 


I.C.6658. 


Table 19.-—Screen data 


Flow-sheet serial... ecceceeeeee ete es (16) (26) 
Screens, in USO... ccc eccecceceeesceeeeeeeees 12 . 12. 
Width, effective... inches 45 28 
Length, effective .....0 cece, do.. 48 4155 
Slope per foot... ee do. 8~1/4 7-3/8 
Tension application .....00. ee Side Side 
Opent ne occassions inches 0.17 0.12 
Wire size, and diameter.......0....... do. No. 14, 0.08 No. 14, 0.08 
EDO sees tecee cy asten reaae haa tec dahon aeons) days 216 216 
Vibrator pulley speed...........00..0 0.0000... r.p.m. 189 to 203 197 to 239 
Vibrations: 
Per revolution... ccc cere neces 8 8 
Per Winut6: 643.60 eG ei ee 1,512 to 1,624 1,576 to 1,912 
AMD LT CUGG soos! ill ile uctsui eh erate ats inches 1/8 1/8 
Feed: 
CHAT ACTOR abies tu ncter eens mentee cnaa datintedunnis ton Roll discharge Primary rod-mill 


discharge and 
section feed (wet) 
Per hour per screen....................08 dry tons 107 35.4 
Per square foot.........0...0. do. 7.1 3.3 


1 —- At each end 14 inches and 3} inches are doubled back; screen sheets are 60 by 
54 inches. 
2 ~ Working days of 24 hours each. 


Belt Conveyors 


The belt conveyors use 2,421 feet of belting over a total transporting length of about 
1,200 feet. The connected power is 205 hp. The discharge of the primary crushers is trans-— 
ported by belts to the secondary storage bin. The discharge of this bin is conveyed from 
the feeders to the horizontal disk crushers, and the finished roll product is conveyed to 
and distributed over the concentrator storage bin. The deslimed table tailing is conveyed 
by belt to the pump box preparatory to mixing with part of the flotation tailings to be pump-— 
ed to the tailing pond. The mechanical and operating details of the conveyors are given in 
Table 21. Specifications for conveyor belting call for 32-ounce duck, a friction of 25 to 
30 pounds and a tensile strength of 3,500 to 4,000 pounds. 

A belt conveyor transports the flotation concentrate from the dryer to the box-—car load— 
er, and two belts carry the gravity concentrates from the bin to the box-car loader; these 
are, however, small installations and are not described in Table 21. 
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Table 20.—Drag-deslimer data 


Flow-sheet serial.................... | (27) =| (38) | (40) (46) | (51) (34) 
Drag deslimers, in use............ | 12 | 6 | 2 | 1 2 
TYPO ieee aeenattcd eed | Esperanza |Esperanza Esperanza | Esperanza Tank drags! 
Incline, length.............. feet| 15 | 14% 12 | 12 (*) 
Slope per foot........... inches | 54 | 84 43 | 5} | 7% 
MiG Ch icieinoiad eee do. 52 | «= 86hCi«dT:CtsCSS 68 | 22 
SHO6 ditcn meas ricuereteae: r.p.m.| 30.7 | 33.9 37.0 33.0 31.8 
Chain spacing........... -inches; 29 | 48 | 24 | 42 |Single chain 
Flights: | | | | | 
NUMb ST eoscgysecisidorte ayendiete | 82 | 37 | 382 | 34 | 4l 
Spacing................ inches | 8 | 12 | 12 | 12 16 
SiO. oo oooecccccececcee, _ do. | 41x3x3/8 |46x8x3/8 | 46x3x3/8_ | 54x3x3/8 16x3x3/8 
Feed: | | 
Character... Staheemestace!: \Wet screen |Low-grade |Middlings in |Low-grade midd— Table 
| undersize | primary | retreatment lings from concentrate 
table | circuits second midd- 
| |middlings ling section 
Per 24 hours............ dry tons| 625 | 300 ~ 2 (Table 25) 
Rake product............ ; do, 430 500 7 | - = 
Overflow... do. 195 | - | - | - = 
Motor capacity........ horsepower /|10, for 4 5 5 | 5 5 
| drags | | | 


1 = Cylindrical tank, diameter 9 feet, height 84 feet. 
2-=— Flight length 57.6 feet. 


Table 20-a.-Efficiency of a drag desliper 


Size, mesh | Woight, per cent 


Peal vers 
Plus; 6] 0.4 - 

4 6.5 ay [ 
10| 9.4) 14.4 - 
14| 7.1] 11.0 - 
20| 4.3 66 | - 
28| 6.0| 38.9 | - 
7.2| 8.7 | 0.1 
48| 8.0| 11.0 5 
65| 12.8] 14.0 | 7.4 

100| 4.6| 3.3 | 8.2 
150| 4.5, 2.3 | 9.3 
200| 4.4| 1.7 9.9 
Minus: 200|_24.8|___8.0 | _64.6 
Total......[100.0| 100.0 | 100.0 
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Table 20-a.-Efficiency of a drag deslimer (Continued) 


Removed in 


Tons per 24 hours 


Product ~| Feed |Discharge |Overflow overflow, 
ee Te ee ac! Le 
Co A | 1,474| 972 | 502 - 

oe ee ene *}.. 922 192 1,030 284 
Through 200 mesh| *380| %73 3307 | *81 
150 to 200 do. 66 16 60 | 6 
100 to 150 do. 68 21 46 268 
65 to 100 do. 70 a 39 56 
48 to 65 do. 180; 141 39 22 


1 — Including fresh water. 

2 - 78.5 per cent efficiency through 100 mesh. 

3 =~ Correct numbers. Those not marked check very closely. 

Note: Type of deslimer, Esperanza; Width, 464 inches; 
slope, 8% inches per foot. Flights, length 464 
inches; depth 35% inches; thickness, # inch; 
spaced 12 inches center to center; number, 38. 
Speed, 44.8 feet per minute. Fresh water, 152 
gallons per minute. 


Table 21.-Belt-conveyor data 
a EP Oe a a a ee ee ee ee Seer 


|Flow- a ae SS) ee | |Slope | Speed of| Motor |Average 
Product conveyed |sheet |Length, |Width, |Piy| Duck | Rubber cover | Kind of | per | belt. |horsepower| tonnage 
|serial| feet | inches| |belting, |thickness, inches| drive | foot, | noe | | per 
|e |_ |__| ounces |__ ton | _Bottom | | inches | |_| ome 
Discharge of three | | | | | | | | Direct | | 
SE Telemith pri- | (5) | 95 | 36 |5| 32 -| ssie | 1/32 | with |Hori- | 394.3 | 5 | 329 
Bary breakers | | | | | | | | reducer |zontal| | | 
Discharge of above | =| | [ | | | | az | | 
Conveyor .on[ (7) | 286 | 36 | 6] 32 | 316 | 1/16 |Beit and | 3-7/8| 483.3 | 50 | 329 
Fed to Synons | | See a | | |spur-gear| | | | 
horizontal disk | | | | | | | | | 
crushers, west... | (12) | 17a | 24 [5 | 32. | aya | aye | do. | 3-374] 375.6 | 20 | 112 
Feed to Symons =| | its an p ore Se He | | 
horizontal disk | =| Pia ad | | | | | | | 
crushers, east... | (11) | 178 | 24 |5 | 32 | asa | aie | do. | 3-3/4] 402.3 | 20 | ie 
Wndersize of dry =| | eed | | | — | | 
srems.. ........ | (17) | 250 | 24 |5| 32 | ays | avis | ao. |Hori~ | 320.0| 20 | 224 
Discharge of above | | | | | | | | | zontal | | | 
minicom} | | || | | | ft fo | 
trator... . | 48) | 450 | 24 | 5 | 28 | sysz | sys2 | do. | 3-374] 472.5| so | 224 
timcuer| + | 11st ¢ | | | f. 4 
conveyor.......... ...] (2h) | 510 | 24 |5| 32 | 3732 | 17a | do ‘|Hori- | 3se7.6| 20 | 224 
iD ttt tot it. oo? 
Table tails, east....| (89) | 124 | 22 |(1)| 32 | 3/32 | ise | Direct | 1 | 265.4 | 5 | 4 
ot ae Gl Ge ek as a ee ee 
PoP. df Pf ff Famed ff | 
Table tails, west...{ (89) | 170 | 22 |(1){ 32 | 3/32 | aya | ao. | 12 | a7z0| 5 | 42 
Table tails, com | | | | | | | |Belt and | | | | 
pisite... .. ... | (90) | ago | 22 [ay] 32 | 3732 | 178 |spur-gear| 1 | 374.4| 10 | 84 


l- These belts are all of step construction, 3, 4, and 5 ply. 
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Bucket Elevators 


Both dry and wet bucket elevators are used. Fourteen elevators require 1,585 feet of 
belting. The discharge of the Symons horizontal disk crusher is elevated to rolls. and the 
discharge of the rolls is elevated to the screens which are in closed circuit with the rolls. 
In the sampling plant the rejects of the cutters are returned to the mill feed by an eleva- 
tor. The concentrator feed is united with the primary rod-mill discharge and elevated to the 
wet screens. In the flotation concentrate drying plant the discharge of the thickeners is 
raised to the filter by an elevator. Table 22 gives the mechanical and operating details of 
these installations. 

The elevator belts are covered all around with cider cloth. A tensile strength of 3,500 
to 4,000 and a friction of 20 to 24 pounds per square inch on the dry elevators and of 25 to 
50 pounds on the wet elevators are specified. The life of both wet and dry elevator belts 
is three years or more. 


Table 22.—Bucket-elovator data 


Flow-sheet S@rial..ccccccccsccscscscsscscsseccese | (13) | (15) | (25) | (96) | (78) 
Elevators, In USE... cece ceeees | 2 | 4 | 6 | 1 | 1 
Belting: | | | | | 
|. 6c HERR Re oan nee i eC en ET ne | Rubber | Rubber | Rubber | Rubber | Rubber 
Duck, weight... eee ounces | 36 | 36 | 36 | 34 | 34 
5s en oe oer ne ee | 9 | 9 | 8 | 8 | 7 
Cover thickness: | | | | | 
Bucket Side... cece inches| 3/16 | sre | 1/8 | 1/8 | 1/16 
Pulley Sid@.....cccccccceee do. | 1/8 | 1s 1/8 | 1/8 | 1/8 
Length cccccccccccccccccsscsssessetes cesecesee feot| 95 | 116 | 125 | 125 | 56 
WAAth occ cccccccccseeeescseveeeeee von dnohes| 28 | 28 | 20 | 16 | 16 
Speed iain eee neewincale f.p.m.| $44 to 410 | 415 to 450 | 340 to 352 | 269 | 460 
Buckets: | | | | | 
Number.......... Bare ie ances ans | 67 | 81 | 83 | 62 | 37 
Bee ot aut aden dont: acute inches; 24x 8 x 81/2 |24x8x81/2\18x8x81/2 |14x8x71/2 | 14x8x7 1/2 
Spe Sie rattan, / do. | 17 | 17 | 18 | 24 18 
How attached............ vacated si uateitaasnddiadhnts | Bolted with two rows of 3/8 inch bolts; strip | ; One row of bolts 
| 7 | of belting used to hold bottom of oups out | | 
Pulley: | | | | | 
Head, diameter and face....... inches | 48, 30 | 48, 30 | 42, 22 | 36, 18 | 36, 18 
Shaft, diameter... . do. | aussie | aisyie | Taisyie | 37/16 | 3 7/16 
Boot, diameter and face ...... do. | 50, 30 | 30, 30 | 30, 22 | 24,18 | 24, 18 
Elevator inclination... dees | Vertical | Vertical | Vertical | Vertical | Vertical 
Foe: | | po | ms 
CHACAC1 OP cic neta! | Symons discharge |Roll discharge | Wet screen feed|Mill feed, paa-|Thickened flota- 
| | | | ple reject | tion concentrates 
Pulp per hour cccccssccscssesesssseesees tons | 112 | 322 | 111 | 3.5 | 8.5 
S61 dB hoilendice eden Shes per cent| (2) | (2) | 64.1 | (2) | 69.2 
Motor capacity, horsepower............... | 50 | 50 | 329 | 450 | 5 
DPI V6 6 thea eet conan ness | Belt and spur gear |Direct with speed 


| | | | | reducer 


PS a Ss sss ss SSOP SSRIS SIPS sO a SS sss rr Sr a -eNSa=syetneen > 


1 = The bore of the pulley is 4 15/16 inches, but the bearings are 4 7/16. 

2 - Run-of-mine ore contains 2.75 to 3.0 per cent of moisture. 

3 ~- A 20—hp. motor on each wet elevator also drives two Leahy screens 

4 - The 50-hp. motor also drives inclined conveyor from secondary plant to concentrator. 
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I.C.6658. 
Malleable iron buckets of the "AA" type, having a reinforced front edge and corners, are 
used. The life of the wet elevator buckets is about ll months. Formerly the dry elevator 
buckets wore away at the front corners, but now the lip is reinforced by welding on an edge 
of Hascrome or Stoody rod. 
Solid boot pulleys are used instead of the rimless pulleys employed in some of the other 
mills of the district. The operation of the solid pulley has been satisfactory, and the wear 
not excessive. Both wooden and oil-packed steel bearings are used in the boots. 


Sand and Slime Pumps 


Pumps are used for the dispostion of sands and slimes. (The water pumps will be dis- 
cussed elsewhere). They are all of the centrifugal type, 3, 4, and 5 inch Morris pumps, and 
4 and 8 inch Wilfleys, and are direct driven by induction motors. No water is used on the 
filfleys, but clear water is used on the stuffing boxes of the Morris pumps. The details of 
sand and slime pump operation are given in Table 23. . 

The two makes of pumps are used more or less interchangeactly. However, certain features 
in the designs have been recognized as more adaptive to one service than another. The posi- 
tive suction at the intake of the Morris pump enables it to lift fine flotation products from 
a lower level. On the other hand, the gravity intake of the Wilfley has led to its use on 
coarser and heavier products that can not be lifted by suction. The absence of suction by 
the Wilfley pumps prevents the air locking that causes surging in other pumps. It is claimed 
that the cost of upkeep of the Wilfley pumps is considerably less, and there is a tendency to 
use them for coarser, heavier, or more abrasive solids. 


Launders 


Launders of the box-conduit, hose, and pipe type are used. The box-conduit launders are 
used for large tonnages and for smaller tonnages if more convenient than the other types. 
Tne principal uses of this type of launder are for transporting the desliming—drag discharges 
to the 2-way revolving distributors feeding the hydraulic classifiers, and for carrying the 
Spigot discharges of the classifiers to the concentrating tables. These launders are lined 
with cast iron or rubber; a flat piece is laid in the bottom and a triangular piece of wood 
moulding is used to line the corners. Rubber hoses are used for uniting small tonnages in a 
cczmon launder or pump sump. The pipe type is used only for slime. The data on the box- 
conduit launders are given in Table 24. Other launders are used for the disposition of the 
tahle products; they are not included. 


Table 24.-Box-conduit lounders to hydraulic clussifiors and concentrating tables 


: 1 igzot vrei 
i  |Flow-sheet |” ah tes |Flow- 
| | serial | | sheet 
| | feats 5] {serial 
Transportation: | | | . | 
BOI ee. aseisbenitls etna te ia ou Setn a | Drag desliner | (27) |Hydraulic classifier.. ae quaeaseeeits | (50) 
Tig fetes esta hi aaa eee eect aes house ay , 2-way distributor | (28) __|8 primary tables of each half ipaeesl ~{S2\_ 
| | tion 
launders, 2M USE... ec cecccceeces | 6 | 96 
Width. ..... Se ene eee inches | 12 | 45/4 
Depth: cinesvalecteem lapis ho as. NEB: | | 9 Renee erent e ae eee aE - eae eee ae Re 
| | Table number 
| ans —|-2_|t | |e |aie. 
Slope per foot, minima do. | 2 | 3 15/16 |6 1/2; 7 |4 3/8)2 1/4|/2 1/2)2 1/8| 2 1/4 
Feed: | | ie 
BULA tunities, Angeiol a DOF cent| re.4 mem rer ere meee rare 
Rate par 24 hours.. ... 0... Ldisnets tons| 850 | (See Table 10) 


I.C.6658. 


DEWATERING THE CONCENTRATES 


Table and flotation concentrates are dewatered separately. Figure 8 is the flow sheet 
of the dewatering of these products. 


Gravity Concentrates 


The table concentrates are first dewatered in two tanks equipped with drag mechanisms. 
The tanks give a longer periphery for overflow and more depth than is customary on other 
drags. The water overflows and joins the flotation concentrates, the dewatering of which is 
discussed later. The drag discharge is further dewatered in a Dorrco filter. The filtered 
concentrates drop into two bins from which they are conveyed to a Stephens—Adamson box-ca: 
loader and loaded for shipment. The details of the operation of the tank drags are given in 
Tables 20 and 25. 


Table 25.-Qperation of tank drags for table concentrates 


(See also Table 20) 


Flow-sheet serial... 00 ccc eens | (34) 
Feed: | 
Rate per 24 hours, wet... ........ tons |2,796 
Rate per 24 hours, dry... ow... do. | 148 
Water in. a dO. 12,648 
DOLLS ie i oe sionos sine: Boge at esate per cent 5.3 
Rake discharge (filter feed): | 
Rate per 24 hours.........00........ tons 165 
WAter ile. cowed ee, ie ee AOS 17 
Water rejected... Ww ee dO. |2,631 
DOULAS 15 s asitnks Javad uaeieoteaieeietetaines per cent 90 
Overflow: 
Rate per minute...................gallons | 439 
Solids per gallon... grams | 2 
solids per 24 hours........0...00000........ tons | 1.4 
Assay, lead in solids............... per cent| 60.7 


I I oT a a I a a a I ET PIED 


The Dorrco filter feed of about 145 tons per 24 hours contains 10.2 per cent of moisture 
and is reduced to 134 tons with 2.8 per cent moisture; this product is the finished gravity 
concentrate. The water rejected, 11 tons per 24 hours, is 74.6 per cent of the water in t- 
filter feed; 25.4 per cent of the water, or 3.75 tons is still contained in the finishe’ 
product. 

The Dorrco filter is 10 feet in diameter by 2 feet long and is operated at 1 r.p.a. 
The filter cloth consists of burlap supporting Victor twill, which is discussed later in ti. 
operation of the Oliver filter. The cloth is held in place by ropes. The filter is drive 
by a S—hp. induction motor, 1,140 r.p.m., through a Philadelphia Gear Works speed reduce! 
ratio 12.75:1, connected with the filter by a chain—and-sprocket drive. 

The vacuum pump used in connection with the filter is an Ingersoll-Rand with a 14> 
5 inch vacuum cylinder. It is operated by a 15-hp. induction motor with Texrose drive. 
From 12 to 16 inches of vacuum is maintained. 
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A Connersville blower, size 20 B, supplies the pressure for removing the cake. It is 
operated by a 3—hp. motor, 1,140 r.p.m., direct-connected. A pressure of 2 to 4 pourds, de- 
pending on the condition of the filter cloth, is maintained. | 

A small Goulds pump, direct—connected to a S<-hp. motor, running at 1,720 r.p.m., removes 
the filtrate to a pump that feeds the tank drag. 


Flotation Concentrates 


The flotation concentrates, together with the overflow of the tank drags, are dewatered 
in a 50-foot Dorr thickener and the overflow is settled in another thickener of the same 
size, The overflow of the second concentrate thickener is returned to the pumps that elevate 
the slime to the big flotation—feed Dorr thickeners. The thickened concentrates from both 
concentrate thickeners are elevated to an Oliver filter. The filtrate is returned to the 
second concentrate thickener, and the cake is dried on a Lowden dryer. The dried concentrate 
is conveyed to the box cars and loaded by a Stephens—Adamson box—car loader. . 

Two 8-hour shifts with four hours intervening are necessary for dewatering and drying 
the flotation concentrates. The operating time is adequate to handle the 5~shift production 
of the flotation plant. | 

Flotation produces 3.9 dry tons of concentrate per hour. This is pumped to the first 
0=foot Dorr thickener in a pulp of 13.3 per cent of solids, so that the gross weight is 
29.3 tons per hour. Thus, 25.4 tons of water per hour goes to the first Dorr thickener. 

The time of operation of the filter is 16 hours per day, and the amount treated by the 
drying plant is 5.9 dry tons per hour of operation. 

The concentrate thickeners discharge 8.5 tons of pulp of 69 per cent solids per hour 
for a period of 16 hours, and for the remaining two 4-hour periods nothing is drawn from tte 
tank. Hence, of the 25.4 tons of water per hour sent to the Dorr thickener, 559 tons for 
16 hours and 210 tons for 8 hours, or a total of 569 tons for the 24-hour shift, is re- 
jected; 41 tons remain with the feed of the Oliver filter. 

The Oliver filter feed of 8.5 tons per hour in a pulp of 69 per cent solids is reduced 
to 6.7 tons per hour in a product with 12.1 per cent of moisture. The water rejected in the 
filtering is 1.8 tors per hour. . —_ | | 

The Lowden dryer reduces the moisture of the cake from 12.1 to 7.3 per cent. The dried 
concentrate is 6.4 tons per hour, and the water rejected by the dryer is 0.3 tons per hour. 
The amount of water rejected in the successive steps is as follows: 


Tons per Weight, 

source gi_hours per cent 
In Dorr tank... ......00.000.0002. 569 93.3 
In Oliver filter..........0.... 28 4.6 
In Lowden dryer.................... 5 .8 
Remaining in concentrate. ee. ae 1.3 
610 100.0 


The Oliver filter is 11 feet 6 inches in diameter and 12 feet long, and is driven through 
@worm gear at a speed of 0.12 r.p.m. Two covers are used; they consist of a burlap cover 
and a 14 by 37.5 foot Victor twill, No. 225. The wire for holding the covers is a No. 12 
hard-drawn, galvanized steel wire would spirally with a pitch of 3/4 inch. The life of the 
filter cloth is 1l months. The long life is probably due to its being given every 7 or 8 
waeks an acid wash in which 114 pounds of commercial hydrochloric acid is used. The bowl of 
the filter is of the shallow semi~cylindrical type. To keep the concentrates in suspension 
{n the bowl a reciprocating paddle is used. 
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The two vacuum pumps, one of which is a spare, are the Oliver make, Type M O, 14 by 8 
inch cylinder, 300 r.p.m. Each has 400 cubic feet displacement and is operated by a 25-hp. 
motor. The vacuum is maintained at 15 to 16 inches. 

From 1 to 3 pounds air pressure is used to displace the cake. The pressure depends on 
the condition of the canvas: very little is required for a new canvas. The cake is drier 
with an old canvas than when a new one is used; with a new canvas the moisture in the cake 
may run as high as 20 per cent, but the cake is generally thicker. 

The Lowden dryer is 12 feet wide and 28 feet long and is driven by a 5—hp. motor. The 
rake mechanism makes a forward stroke of 11.5 inches at the rate of 2.4 r.p.m. and has a 
lift of 3 inches. Natural gas is used for heating. 

A flat arch over the fire box of the Lowden dryer is employed. Formerly the ordinary 
arch construction was used and considerable trouble was encountered from failure. fThe flat 
arch has eliminated this fault. The method of construction is as follows: 

There are three horizont*) I-beams over the fire box, perpendicular to the long axis 
of the dryer. Six smaller I-beams are botted to the underside of these and perperdicular 
to them. On the smaller I-beams are hung six rows of 24 fire bricks. Each brick is l0.¢ 
inches wide, 5 inches long, and 12 inches high and is made with a center groove to fit tre 
I-beams so that the top of the brick is flush with the upper horizontal part of the bean. 
All of the bricks are fitted closely together. 


DEWATERING AND DISPOSAL OF TAILINGS 


Only the table tailings are dewatered prior to disposal. They are then mixed with a 
portion of the flotation tailings and pumped to the slime ponds. The rest of the flot:tion 
tailings are pumped separately to waste. The flow sheet of the dewatering and disposal of 
tailings is given in Figure 9. The table tailings are dewatered in four Dorr rake deslimers. 
The details of the rake deslimer operation are given in Tables 26 and 26-a. 

Since the adoption of the method of pumping the combined tailings to waste, the classi- 
fiers serve principally as deslimers, whereas with the old system of conveying the tailing: 
to waste, their principal use was for dewatering. The rake overflow is joined with the flo- 
tation feed and the sands are collected, repulped, and pumped to waste. A second pim) i! 
series is used to keep up the velocity and prevent settling of the sands in the pump 1in: 
leading to the tailing pond. 
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Table 26.-Reciprocating rake-—deslimer data 


Flow-sheet serial... ee, (88) 
Classifier: 
TV DO isithu ti lincaeel aidan cou tone divas: Duplex reciprocating 
rake 
Sp Ey 4 Rn eee feet 8 1/3 by 30 
Slope per foot... inches 4 
OS Titre eis eae do. 4 
DU TOK 6 a centred lidorbina beretdoncencns do. ll 
Speed per minute..........00.00..... strokes 17.6 
MOCO aoa cteceth pavetesaiaeton horsepower 10 
Feed: 
Rate per 24 hours, wet............... tons 1,700 
Rate per 24 hours, dry.............. do. 381 
DO LS ty ein neieeatiey Garnet tans per cent 22.4 
Rake discharge: 
Rate per 24 hours, wet.........0.0... tons 498 
Rate per 24 hours, dry.........0...... do. 374 
DOLLS: dunes ieoiecihcderie ie eae per cent 79.2 
Overflow: 
Rate per 24 hours, wet............65. tons 1,202 
Rate per 24 hours, dry........000... do. 7 
SOLIS i ositieina Panera per cent 0.57 
Water removed... a. do. 90.6 


Table 26—a.-Sizing analyses of rake—deslimer products 


Weight, per cent 
ize esh|_Feed_ |Rake discharge |Overflow 


Plus: 28 5.1 5.2 - 
35; 13.1 13.0 - 
48; 25.0 27.1 0.6 
65; 35.9 39.2 2.3 
100; 10.2 8.2 9.6 
150 6.5 4.6 17.2 
200 2.6 1.9 18.3 

Minus: 200 1.6 8 o2.0_ 

Total...... 100.0 100.0 100.0 


The tailing-pond dam consists of current table tailings, and it is raised from time to 
time to keep pace with the filling of the pond. To build the dam, or to raise it, clear 
water, in place of flotation tailings, is pulped with the table tailings; the sand deposits 
nore rapidly on the top of the embankment when pulped in this manner. The flotation tailings 
are deposited Simultaneously on the inner side to seal the bank. The dam requires attention 
about once a year. 

The pond Overflow is racovered by a vertical concrete tower, 5.5 feet square, located 
within the impounded area. The lower portion is concrete on four sides and the upper part 
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has only two opposite sides extended. These sides are built with notches at both ends, and 
timbers are filled in to raise the weir as often as necessary to obtain a clean overflov. 
The tower is bottomed by a horizontal tunnel extending through the dam. Through this tunnel 
the intake lines of the pumps for returning the clear water to the mill are laid; pipes are 
connected with the bottom of the vertical tower which forms a sump (see fig. 11). 


SAMPLING 


The mill feed sample is taken as the ore drops to the tripper conveyor over the mill 
bin. The further treatment is shown in the flow sheet of the sampling plant, Figure 10. 
over a period of five months the assay determined by sampling the mill feed checked the lead 
as determined by assay and weight of concentrates and tailings with an error of only one in 
200; that is, with an error of 0.02 per cent of lead when the mill feed was 4 per cent of 
lead. 

Two shift samples, table tailings and flotation tailings, are taken by mechanically 
operated cutters. Fifteen other shift samples -—— new flotation feed, rougher feed, cleaner 
concentrate, cleaner tailing, recleaner concentrate No. 1, recleaner concentrate No. 2, re- 
cleaner concentrate No. 3 and recleaner tailing, finished concentrate (Denver Sub-—A concen- 
trate), Denver Sub-A tailing, reground table middlings (subsidiary flotation circuit feed), 
subSidiary flotation circuit tailing, table concentrates, A-middling-section concentrate, 
and B—-middling-section concentrate -— are sampled by hand. For the hand samples at least 
six cuts per shift are taken. The mechanical samplers cut the flotation and table tailings 
every 18 minutes. 

Concentrates are sampled in the cars and also in the mill. In the loading, the table 
concentrates are leveled in the cars to a depth of 22 inches and flotation concentrates to 4 
depth of 30 inches; the space in front of the car doors is left clear. Three rows of four 
vertical holes are sampled on either side of the door. The samples are taken by a conical 
cutter 1 inch in diameter at the bottom and 2 inches in diameter at the top. The entire 
amount of concentrate held in the cutter is taken as the sample and is cut down in the sample 
room. Two separate rooms are used for preparing mill samples for assay. The "concentrate 
room" is used for table and flotation concentrates, and the "ore room" for ore, middlings, 
and tailings. 


MILL WATER 


The mill water is obtained from four sources, the mine, the large Dorr thickeners, the 
tailing pond, and the table low-grade middling drags. The circulation of the water is shown 
in Figure ll. 

For ll hours each day the make-up water is pumped from the mine at the rate of 2,000 
g.p.m. The total water in circulation is about 10,000 g.p.m., which on the basis of 5,000 
tons of ore per 24 hours is a water—to-ore ratio of 12 to 1 by weight. 

The thickener overflow is piped to a sump and is pumped to the mill supply tank. The 
mine water, when pumped, is delivered to the same sump and the overflow is diverted to the 
tailing pond. The tailing-pond water is returned to the mill when the supply of mine water 
is insufficient or when the mine pump is not in operation. 

The overflow of the drags that dewater low-grade primary table middlings is reused in 
the mill to dilute the wet elevator feed, to further dilute the same product as it is fed 
to the drag deslimers, and to dilute the rake discharge of the drags so that it can be laun- 
dered to the hydraulic classifiers. The operating data of the pumps for circulating mill 
water are given in Table 27. 
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Table 27.-Punps for mill water 


Flow-sheet SOFLAl.. ococcccccccccccccccesceceece. | (103) | (103) | (103) | (100) 
| 


| (39) | (103) 
Pumps, in uS@.... bedtiddetinchinadee | 1 | 1 | 1 | 2 (1 spare) | 1 | 2 
Manufacture 2.00 le eecs ease |Dayton—Dowd |Dayton-Dowd | Jeanesville|Allis=Chalners_| Wilfley |Alberger turbine 
S12 apacarine seater: inches| 16 | 6 | 2 | loxio | 8s | 16 
Capacity per minute...........gallons| 8,000 | 8,000 | - | 2,000 | - | 5,000, each 
Serving 0.0... 0.0... Pe a Sa nt [Mai supply | Flotation | Spare to |Stime pond to | - | Spares to mill 
| tank |and stuffing| mill tank | reservoir | | tank 
| | boxes on 5— | | | | 
| | inch puars | | | | 
yt: | | | | : | 
2k 9°). eee eee ear ee seciacaineeubnciee |Syachronous| Induction | Synchronous | Induction | Synchronous | Synchronous 
apatite yee lene dence horsepower] 250 | 75 | 150 | so | 100 | 250 
Speed........... eetiecteeees r.p.m.| 1,200 | 1,755 | 600 | 1,740 | 900 | 600 
Intaxe piping: | | | | | | 
HRA eth ad a cag haley Ota gatie feet| 4 | 4 | 4 | 2 | 2 | = 
Diametire jam creer cace dias! inches| 20 | s | 12 | - | - | - 
eG Coy a cstecectudndtte. eats Meets feet| 4 | 4 | G4 - | - | - 
PICU IAEA ic. co sceinsied cece deadlier, | 90°, and | 90°, and | 90°, and | : | = il - 
| valve | valve | valve | | | 
Discharge piping: | | | | | | 
Vertical Aft... ccc feet| 76, from | a 4 | - | - | 76 
|water sur= | | | | | 
| ta00 to | | | | | 
| discharge | | | | | 
DiaRO VETS. oh cee scan: waved, inches | 20 | 6 | 12 | - | = | - 
Ung cia pater ticle deat feet | 76 | 76 | 76 z | - | 76 
Fittings... ceccccsscecuereesssesee rere | 90°, and | 90°, and | 90°, and | 90°, and |90°, valves,| 90°, and 
valves | valves | valves | valves | and tees | valves 


POWER 


The electric power is 3—phase, 60=cycle current transmitted to the mill at a potential 
of 7,200 volts. It is stepped down to 440 volts for all motors and to 110 for lighting cir- 
cuits. With the exception of five synchronous motors used on mill water the motors are all 
of the induction type. A 125=-volt d.c. generator, 400 amperes, 50—kilowatt compound wound, 
driven by a 75<hp. induction motor at 1,150 r.p.m., supplies the direct current for excita- 
tion of the synchronous motors and for the two electromagnets in the primary-crushing plant. 

Mechanical transmission of power is by many methods. Belt-and-pulley drives, either 
direct or by means of a line shaft, are used on the primary breakers, secondary crushers, 
rolls, screens, and concentrating tables. Belt drives with Reeves speed reducers are used 
on some feeders. Belt and spur gears are used on belt conveyors, drag deslimers, and bucket 
elevators. The rod mills are driven by herringbone gear and pinion direct-—connected by a 
flexible coupling to the motors. Direct~connected motors are used on the flotation blowers. 
Direct-connected gear reduction units are used at various places on feeders, thickeners, 
etc. Bevel gears are used on some conveyor belts in connection with the concentrator feed- 
ers. Chain—and=-sprocket drive with gear reducers is used on the 50-foot Dorr thickener. 
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RECOVERY AND LEAD LOSSES 


The recovery of lead is between 96 and 97 per cent. The average assays of the feed, 
tailing, and concentrate for 1926 to 1930, respectively, and for the first five months of 
1931 are given in Table 28. During the 6—year period the loss in the tailings was reduced to 
about one-third of what it was originally. This emphasizes the benefits of research, one 
of the results of which was the introduction of classification. 

A complete analysis of a table concentrate and a flotation concentrate is given in 
Table 29. The representative lead assays of the shift samples of other products in the mill 
are shown in Table 30. The metallurgical data of the overall operation are given in Table 
ol. The screen analyses of table and flotation tailings are given in Table 32. 


Table 28.—Average assay, lead in mil) feed, tailings, and concentrates, per cent 
Product | ss ead 
|1926_|1927_|1928 |1929 |1930 |19327 
- e | | 3 = 3.51| 3.55| 3.43 
Tailing: | | 
TAB Gi css regains | .40| .23| .16| .22] .212] 111 
Flotation............. | .19; .20| .16] .16] .15| .12 
Combined................. | .33| .22| .16| .15] .14| .12 
Concentrate | | | | | | 
Table. ne, Heap egg tone gn Lage 
Flotation............|62.14|71.99|70.89|71.80 |71.36|69. 42 
Combined... ............ ]69.09|73.54/73.69|73.47|74.30|72.84 


1 = First five months. 


Table 29.-Complete analyses of table and flotation concentrates 


| SCCASSay. per cent. Ss ——SSS—=d'«Cunces 


Product | Pb | Cu |Insol.!Fe |cao|mgo| S |Zn |COo|Ni-Co|per ton, 

| eae feoetence| Eocene eed) nee emi eee, ear | EN  <eee 
Table concentrate.......|75.89|0.14| 0.3 |4.5|0.8|0.5|17.0|0.5|1.1| 0.12] 1.2 
Flotation concentrate |73.03|1.11| 1.6 |3.0| .8| .6[15.9|2.4|1.2] .15| 1.9 
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Product Assay, lead, 
—per cent _ 
Gravity concentrates of A=-middling section... 0. 57.3 
Gravity concentrates of B-middling section... en. 71.1 
NOW TLOCat LON: TOC sii cesses casractscncds ena ceratvawd an eudinaeoeaees. Geen eacereine aes 2.21 
POO CO “FOUN IS 5c iii icoiicn ita Bes aids fide atielednaaigcd ls naive neds atersewdss 2.55 
Denver Sub—A concentrates (finished flotation concentrate)... TSR 
Denver Sub-A tailings... ccc cce cee ece nets eeee teense este eens senting e! 27.2 
CLOaNGT -CONGCONTTS U6 isis ence eS ens Gei eee re 45.1 
Cleaner Tal Line cots cans ctc tian ch ss dasa et Ree ee 6.21 
No. 1 recleaner concentrate... cee cetereeeneeceeecaeeaneeteeeenes | 56.9 
No. 2 recleaner CONCONtTAtO...0 cece ce ce be een bb ee ne es 49.6 
Recleaner tailings (No. 3 recleaner concentrate and tailing) 4.01 
Reground low-grade table middling: 
ROUCNOT SOC Ginter Rha eae Aa eens 6.36 
ROUGHOT TALLING 2.5. .cstincnii rs vente cetenlateedee eee 0.359 
Rougher Concentrate... ccc cscs cece seca state ee etec erst eaeecees 69.6 
Cleaner Talling cnet e ee shlin Masthead wallet Dei itl aaa | 4.42 


Table 31.-Metallurgical data 


ee Te 


1931)_ 


eet 1926 1927 __ 1928 |___—-:1929 1930 
Ore treated, total... tons |1,551, 776 |1,642,945 |1,523,218 |1,577, 351 |1,473, 801 |492, 3502 
Per 24 hours, average............ do. 5,022 5,501 4,929 5,177 5,047! 5,076 
Production per man-—shift...... do. 35.34 39.31 42.05 45.87 90.38} 69.93 
Will shifts operated... 927 930 927 914 876 291 
Time per day... cece hours 24 24 24 24 24 24 
POLL OG eiptetcatieteece Sette teas tcentiatiats do. 8 8 — BY 8 |. 8 8 
Concentrate, total... tons 77,713 79,840 70,905 69,942 65,609; 21,790 
Rate per 24 hours, . | 
AVO PALS i d2iiseiwlevemennen’ do. 251.50 aired mae papi 224.70| 224.61 
TADLO COCR] cine Atinesentes do. 52,518 51,811 44,170 42,823 37,434 | 11,448 
Rate per 24 hours, | | 
AVOTALE.... cece ceccceececeeeceee ees do. 169,96 167.13 142.94 140.55 128.19; 118.02 
Flotation, total... do. 25,195 28,029 26,735 | 27,118 £8,174| 10,342 
Rate per 24 hours, 
AVEOTALE...... cece ee creas do. 81.54 90.42 86.52 89.01 S6.51| 106.59 
Recovery: 
TOtG) G68 cn i teh ndeteaed: per cent 91.70 94.53 95.77 95.91 $6.24 96.64 
By tables... do. 67.6 64.9 62.3 61.2 57.0 52.5 
By flotation.......0...0000000.. do. 32.4 35.1 37.7 358.8 43.0 47.5 
Water consumption: 
GPSS ine eee ade de ratio - ~ - 12 tol | 12 tol |12 tol 
MG Cs sicet, Satu ceteincinc dhe Santen do. i = 2 ltol] 1to1fitol 


l- First five months. 
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Table 32.-Screen analyses of table and flotation tailings, per cent 


| Table tailing | Flotation tailing 
Size, mesh |Weight |Assay, lead |Distribution||Weight |Assay, lead |Distribution 


eee [femeenmenmrmtey (ore) ey | - of lead 
Plus: 28| 3.5! o.15 | 49 || - | - | - 
35| 13.1| 13s 15.9 || —- | - | - 
48| 28.7| 210° || 26.8 || - | - | - 
65| 42.3| 09 = | 35.4 || 3.6; o.13 | 3.9 
100| 8.6| 10 | 8.0 || 8.o| 09 = | 6.0 
150| 3.0] lo | 268: | Ach! 06 | 6.1 
200 | 5 290 1.4 || 10.6| 06 | 5.3 
ceed | | | 24.3] 07 «si 13.3 
Minus: 325 | .3|_ 1.70 | 4.8 | 41.4| 19 | 65.4 
Total......| 100.0] 0.12 | 100.0 || 100.0{ 0.12 | 100.0 
LABOR 


The workmen are all American-born and in most cases are natives of the district. The 
labor turnover is low. 

A total of 69 men are employed. A superintendent and assistant superintendent are 
directly in charge of the plant. There are six shift bosses, one per shift in the secondary 
crushing plant, and one per shift in the concentrator. Sixty-one men are employed in opera- 
tion and maintenance. 

Including the shift bosses, three 8—hour shifts of 11 men per shift are employed in the 
concentrator, and three shifts of four men in the secondary and roll crushing plants. Two 
shifts of one man are operated in the primary crushing, and in the flotation concentrate 
filtering and drying plant. In the case of the 2—-shift operation the shifts are separated 
by four hours. Three men are employed on sampling. The maintenance is handled by a crew of 
15 men. The wage scale for the principal classes of labor for 1951 is given in Table 38. 


Costs 


The milling costs in units of tons per man per 8—-hour shift, kilowatt hours per ton 
run-of—mine ore, and pounds of reagents per ton of flotation feed are given in Table 34. 
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Table 33.-Labor costs in 1931! 


Type of labor 


Rod-mill helpers 


TRY LOMOR sisi eskicsacdedsn lack: 
Table helpers.............. 
Flotation men.............. 


Flotation helpers 


Filter and dryer men 
Concentrate loaders... 
Motor attendant.......... 


Maintenance: 


FOPOMAR fis siicsssisices i 
MOCHIDUSUG: <ssicsiiviens 
Machinists' helper 


Mill repairmen 


Wage per 


I.C.6658. 


S-hour shift 


ANAANAAAANAAA 


4. 


Bef f 
. 90 
»10 
29 
-70 
. 10 
.70 
.29 
.90 
» 10 
Bh 
.90 
.55 


90 


5.50 to 4.50 


3. 


15 


4.10 to 4.30 


1 - First five months. 
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Table 54.-Summary of costs in units of labor, power, and flotation reagents 
Per man per 8hour 
___ shift’, tons 
DEV GC TUS WE eich orks tarda tc ceo ows 3540 
1 [= 4b 9 00 6 @ 0 | 2 ne ere rere 567 
Table concentration... ccc cece tees teen eeeees 567 
PLOUACs ON icici ieee ehh eee: 2 850 
Labor CEC | os 6b by 0 - ant eon ee Een ee ean eevee oe ere e 1,700 
Concentrate filtering, drying, and loading... 1,700 
Supe rintendOn Ce vig hte ce ein lee 1,020 
Ma iN CONAN CG. cciaiaiie ieedaacedindhannsetinewed deleoasaalsasieieess 283 
OVOTO 1 acpi nd thee ieee eee er 70 
Sa ceas | Setepenc ae ees a a enn et ae en Me Ria | Rina tae leoeibein Nicci ch aesebeaiae ce anaes cau 
-—Of- —h 
1930 1931 |Distribution of power 
—1930___|_1931"__ 
Dry crushing.............. 5.4 3.4 | 18.9 20.4 
Wet grinding.............. 4.2 4.0 25.35 24.0 
Table concentration 1.6 1.7 8.9 10.2 
Flotation............0..0.. 4.6 4.6 29.6 27.5 
Power Slime disposal.......... 4 .4 2.2 2.35 
Concentrate loading 2 a 1.1 6 
Water supply.............. 2.7 2.0 15.0 12.0 
Tailing disposal...... a) aA) 9,9 3.0 
TOUR L cnc: 18.0 16.7 100.0 100.0 
Per ton of flotation 
feed, pounds 
——1930___ | _19317__ 
CreSy lis ACL is ccisiciscn eseeceieranswchaieaysncveniaaw eel Gagniven 0.185 0.20 
or 
| gs Cae 0 OF Date ne ne aR Rey Peery ree a Pe nT nee 053 .06 
Reagents 
Potassium Xanthate........ cece cesses ereseeeeeeneenes .O79 083 
and 
SOGIUM: CYANL06 sii cceivendesaSusvagesettacadsaincohopedaaneituess .036 04 


1 — First five months, 1931. 
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